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About the IPFM  
 

The International Panel on Fissile Materials (IPFM) was founded in January 2006. It is an 
independent group of arms-control and nonproliferation experts from eighteen countries, 
including both nuclear weapon and non-nuclear weapon states.  

The mission of the IPFM is to analyze the technical basis for practical and achievable 
policy initiatives to secure, consolidate, and reduce stockpiles of highly enriched uranium 
and plutonium. These fissile materials are the key ingredients in nuclear weapons, and 
their control is critical to nuclear disarmament, halting the proliferation of nuclear 
weapons, and ensuring that terrorists do not acquire nuclear weapons. 

Both military and civilian stocks of fissile materials have to be addressed. The nuclear 
weapon states still have enough fissile materials in their weapon and naval fuel stockpiles 
for tens of thousands of nuclear weapons. On the civilian side, enough plutonium has 
been separated to make a similarly large number of weapons. Highly enriched uranium is 
used in civilian reactor fuel in more than one hundred locations. The total amount used 
for this purpose is sufficient to make hundreds of Hiroshima-type bombs, a design 
potentially within the capabilities of terrorist groups. 

The Panel is co-chaired by Professor R. Rajaraman of Jawaharlal Nehru University, New 
Delhi and Professor Frank von Hippel of Princeton University. Its 29 members include 
nuclear experts from Brazil, Canada, China, France, Germany, India, Iran, Japan, South 
Korea, Mexico, the Netherlands, Norway, Pakistan, Russia, South Africa, Sweden, the 
United Kingdom, and the United States. Short biographies of the panel members can be 
found on the IPFM website, www.fissilematerials.org.  

IPFM research and reports are shared with international organizations, national 
governments and nongovernmental groups. The reports are available on the IPFM 
website and through the IPFM blog, www.fissilematerials.org/blog.  

Princeton University’s Program on Science and Global Security provides administrative 
and research support for the IPFM. 

IPFM’s initial support was grants to Princeton University from the John D. and Catherine 
T. MacArthur Foundation of Chicago and the Carnegie Corporation of New York. 
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Summary 
 
Japan finds itself trapped politically in a spent fuel reprocessing policy that has 
insignificant resource conservation and radioactive waste management benefits and is 
becoming increasingly dysfunctional, dangerous and costly. This paper proposes a way 
out of this reprocessing quagmire and alternative disposal methods for Japan’s 
accumulated plutonium.  

Reprocessing is unnecessary and even detrimental for nuclear power.* Operating the 
Rokkasho Reprocessing Plant (RRP) will cost the Japanese people about ¥8 trillion more 
over the 40-year design life of the plant than not operating it and simply storing the spent 
fuel.  

The RRP is designed, when operating at full capacity, to separate about 8 tons of 
plutonium annually. The current plan is to start operations as soon as the Nuclear 
Regulation Authority (NRA) gives permission. However, Japan does not have a clear 
path forward for disposing of the 44 metric tons of separated plutonium that it already has 
accumulated – enough to make more than 5000 Nagasaki-type bombs. 
As the only non-weapon state that reprocesses, Japan is undermining the nonproliferation 
regime by setting an example that states interested in acquiring a nuclear-weapon option 
can point to as a legitimate internationally accepted activity. Separated plutonium also is 
a target for would-be nuclear terrorists.  
Like other industrialized countries, Japan began reprocessing spent light water reactor 
fuel to recover plutonium to provide startup fuel for uranium-efficient, liquid-sodium-
cooled plutonium breeder reactors that the nuclear-energy community projected would be 
deployed worldwide by the thousands starting in the 1980s. As Japan has learned from its 
experience with its prototype breeder reactor, Monju, however, sodium-cooled reactors 
are much more costly and unreliable than water-cooled reactors. No country has yet 
succeeded in commercializing breeder reactors, although India and Russia are continuing 
to try.  
With the failure of its breeder-reactor commercialization program, Japan decided to 
follow the example of France and recycle its accumulating separated plutonium into 
uranium-plutonium mixed-oxide (MOX) fuel for light water reactors. This program too 
has failed thus far, however, in large part due to opposition in the prefectures, driven by 
concerns about the effect of MOX fuel on safety of the reactors in which it is used. 

A major driving force today for nevertheless continuing with the plan to operate the 
Rokkasho Reprocessing Plant is the desire to have an off-site destination for the spent 
fuel that will be accumulating at those nuclear power plants that the NRA gives 
permission to operate. The United States and most of the other countries that operate 
nuclear power plants avoid the costs and risks of reprocessing simply by moving older 
spent fuel into on-site air-cooled dry casks when their spent fuel pools fill up. But Japan 
can’t change its reprocessing policy without the central government and nuclear utilities 
making a number of difficult decisions at the same time. They will have to: 
                                                
* The issue of whether or not nuclear power should be abandoned is beyond the compass of this paper.  
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1. Negotiate fairly about on-site dry-cask storage with the prefectural and local 
governments that host Japan’s nuclear power plants. This will require an 
embarrassing reversal of the assurances that the central government and utilities have 
made for decades that spent fuel would not accumulate at the reactor sites because, 
after a few years of cooling in the reactor pools, it would be shipped offsite for 
reprocessing.  

In fact, off-site shipments have been delayed by repeated postponements in the 
completion of the Rokkasho Reprocessing Plant (RRP) which was originally to have 
begun operating in 1997. The utilities therefore have packed more spent fuel into the 
nuclear power plant pools than the pools were designed for. This provides an urgent 
safety reason for making dry-cask storage available at the reactor sites. 

2. Renegotiate the deal with Aomori Prefecture and Rokkasho Village, which have 
accepted spent fuel from around Japan in exchange for fees and grants and the jobs 
associated with construction and operation of the RRP and the J-MOX uranium-
plutonium mixed-oxide (MOX) fuel fabrication facility based on an understanding 
that reprocessing and plutonium reuse is a necessary and productive process.  

This will be a difficult negotiation but the dependency between Japan’s nuclear 
industry and Aomori Prefecture is mutual. And, if the prefectures that host Japan’s 
nuclear power plants are willing to allow on-site storage as an alternative to 
reprocessing, Aomori Prefecture will be forced to bargain to retain the current 
benefits it is receiving in exchange for continuing to provide central interim storage 
of Japan’s radioactive reprocessing waste and the spent fuel already in the RRP’s 
intake pool.  

3. Change the law governing the national Reprocessing Fund to allow continued 
repayment of the loans used to pay for the Rokkasho Reprocessing Plant, even if a 
decision is made not to start its commercial operation. Under the current law money 
in the Fund will be given to Japan Nuclear Fuel Limited (JNFL) to repay the bank and 
utility loans used to pay for the construction of the Rokkasho Reprocessing Plant only 
if JNFL maintains its commitment to operate the plant.  

4. Admit that, contrary to the repeated claims of the Ministry of Economy, Trade and 
Industry (METI), separating and recycling plutonium in light water reactor fuel does 
not make the radioactive waste from nuclear power plants significantly less 
dangerous or easier to dispose of. 

5. Have the central government take responsibility for final disposal of spent fuel away 
from the nuclear utilities and JNFL. Decisions by the governments of both the United 
States and the United Kingdom to take responsibility for spent fuel disposal were key 
to making it possible for their utilities to abandon reprocessing. Like the classical 
Gordian Knot, which Alexander the Great allegedly cut with his sword, Japan’s 
reprocessing policy is too complicated to be untied incrementally.  

6. Directly dispose of Japan’s 44 tons of already separated plutonium instead of trying 
to force public acceptance of the use of MOX fuel in Japan’s nuclear power plants.  
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Introduction 
 
Several months after the Fukushima nuclear accident of 11 March 2011, after reviewing 
Japan’s nuclear power policy, the Noda Administration led by the Democratic Party of 
Japan made two decisions:  

1) Shut down Japan’s nuclear power plants by the end of the 2030s, and  
2) Continue with the work with regard to the Rokkasho Reprocessing Plant in 

accordance with the previous plans 

The December 2012 election of Japan’s Diet brought back to power a coalition led by the 
Liberal Democratic Party, which had governed Japan for most of the post-World II period 
and had presided over the buildup of Japan’s nuclear-energy program. Under the 
leadership of Prime Minister Shinzo Abe, the new governing coalition quickly reversed 
the Noda Administration’s nuclear phase-out decision but maintained the policy of going 
forward with reprocessing.  
It is remarkable that two administrations that disagreed totally about the future of nuclear 
power in Japan did not disagree on the need to continue reprocessing, an area where 
Japan’s policy differs from most other countries with nuclear power plants.  

Despite the almost four-decade-long effort by the United States, to persuade Japan to join 
it in abandoning reprocessing for nonproliferation reasons, Japan is the only non-nuclear-
weapon state that reprocesses. It has accumulated 44 tons of separated plutonium and 
plans, after the Rokkasho Reprocessing Plant (Figure 1) goes into commercial operation, 
to achieve a plutonium separation rate of about 8 tons per year within a few years.  
 

 
Figure 1. Rokkasho Reprocessing Plant. The capital cost was ¥2.19 trillion (~$22 billion), as of 
2012. Source: Kyodo News Service. 1 
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Plutonium is a nuclear-weapon material and separating it from the highly radioactive 
fission products in spent fuel makes it an attractive target for would-be nuclear terrorists. 
The 8 tons that Japan plans to separate annually would be sufficient to make one 
thousand Nagasaki-type bombs.  

Countries can use – and have used – “civilian” reprocessing to mask efforts to obtain 
nuclear-weapon options. During the late 1960s and early 1970s, India exploited that 
option and became a nuclear-weapon state.2 A number of other countries, including South 
Korea, started down that same path but political pressure from the United States and 
internal political change resulted in their programs being cancelled before they reached 
fruition.3 Japan, by persisting in reprocessing, is, however, providing legitimacy for 
South Korea to reassert once again its right to reprocess.4 
South Korea has been campaigning for U.S. acceptance of its right to reprocess in the 
context of negotiations of a new agreement of nuclear cooperation with the United States. 
It argues that, just as in Japan, its spent fuel pools are filling up and that its local 
governments too will not allow the installation of on-site dry-cask storage.* South 
Korea’s government therefore argues that it too needs a reprocessing plant to provide an 
off-site destination for its spent fuel. At the same time, there has been a rise of public 
support in South Korea for acquiring its own nuclear deterrent as a result of North 
Korea’s recent nuclear threats.5 Recently, South Korea and the United States agreed to 
give themselves more time for their negotiations by postponing by two years to 2016 the 
expiration of their old agreement, which requires U.S. consent for South Korean 
reprocessing of spent fuel containing uranium enriched in the United States.6  

If South Korea eventually succeeds in pressing the U.S. into acquiescing to reprocessing 
in South Korea – as Japan succeeded in 1977 in getting the U.S. to acquiesce to the 
operation of the already-constructed Tokai reprocessing plant – then it will become easier 
for other countries to argue that they too should have the same right. South Africa is 
expressing an interest in reprocessing.7 Iran has not yet expressed an interest in 
reprocessing but is preparing to operate a heavy water research reactor near Arak that is 
very similar to the research reactor that India used to produce the plutonium for its first 
nuclear weapons. 

Reprocessing makes no sense economically. The cost of separating it is huge and 
separated plutonium has negative value as a fuel. Utilities would not accept separated 
plutonium even for free since it costs more to fabricate MOX fuel using free plutonium 
than to fabricate low enriched uranium (LEU) fuel with purchased natural uranium and 
enrichment services 8  
According to calculations made by Japan’s Atomic Energy Commission in 2011, 
reprocessing will more than double the cost of managing Japan’s spent fuel, including the 
cost of disposal of the radioactive wastes produced by reprocessing, compared to simply 
storing the spent LEU fuel and disposing of it directly.9 This is why, of the thirty-one 
countries that have nuclear power as part of their energy mix, only France and Japan 
reprocess on a large scale for recycle of the plutonium in light water reactor fuel.10  
                                                
* This is despite the fact that 7,000 tons of on-site dry-cask storage capacity has already been installed at 
South Korea’s Wolsung Nuclear Power Plant whose natural-uranium-fueled heavy water reactors discharge 
spent fuel at about 7 times the rate of light water reactors of the same generating capacity. 



6 
 

France’s national utility, Électricité de France (EDF), has its nuclear fuel reprocessed by 
AREVA only because France’ government insists. Rather than signing a new 
reprocessing contract, EDF extended the term of its 2009-2012 reprocessing contract only 
through 2013. 

The Reprocessing “Trap”. In 1993, one of us (FvH) met with the nuclear fuel cycle 
managers of Tokyo Electric Power Company (TEPCO) and Kansai Electric Power 
Company (KEPCO) and was told that they felt “trapped” into reprocessing. When asked 
whether they would choose reprocessing over spent fuel storage again, the response was 
“never!”  
The “trap” was constructed, starting with the 1957 law on Regulation of Nuclear Source 
Material, Nuclear Fuel Material and Reactors, which required that an application for 
construction of a new nuclear power reactor specify “the method of spent fuel disposal”. 
It also required that the application should not lead to “hindrance of the execution of the 
planned development and use of nuclear power.” Since the government’s Long-Term 
Plans for nuclear energy made clear that Japan’s nuclear-power future would be based on 
plutonium breeder reactors and required reprocessing, this made reprocessing obligatory 
for the nuclear utilities. 11 
After the Fukushima accident, in June 2012, when the law was revised to establish the 
new Nuclear Regulation Authority, the requirement for reprocessing was removed.12 The 
Designated Radioactive Waste Final Disposal Act still does not list spent fuel among the 
types of wastes to be put into a geological disposal facility, however. It includes only 
vitrified high level reprocessing waste and transuranic waste from reprocessing and MOX 
fuel production.  
Even if that omission were fixed, the nuclear utilities would still be trapped into 
reprocessing by two other constraints: 
1. In most cases, they do not have consent from prefectural and local governments to 

build dry-cask spent fuel storage at their nuclear power plants. (Of course, the utilities 
and the government haven’t pushed hard for permission because the plan has been to 
ship spent fuel to a reprocessing plant after it has cooled a few years.) 

2. The utilities have guaranteed and made loans to build the Rokkasho Reprocessing 
Plant that are to be repaid from a special reprocessing fund that would be frozen if a 
decision is made not to operate the plant. 

Also, METI claims reprocessing has environmental advantages. One is that reprocessing 
and plutonium and uranium recycle are uranium conserving. The net savings of uranium 
resulting from plutonium and uranium reuse in light water reactor fuel would be up to 25 
percent in a best-case scenario that has not yet been achieved anywhere. But similar 
savings would be possible at one-tenth the cost, for example, by increasing the 
percentage of U-235 extracted from natural uranium when uranium is enriched. Also, 
careful studies have established that there are no radioactive waste management benefits 
from recycling plutonium in light water reactors. 

Of the more than 40 tons of plutonium Japan has had separated from its spent fuel 
reprocessed in Europe – mostly during the 1990s –thirty six tons remain unused (34 still 
in Europe). Only 2.5 tons have been loaded into Japan’s reactors as MOX fuel.13 At 
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Rokkasho 3.6 tons of separated plutonium from a test run of the reprocessing plant are in 
storage awaiting completion of a MOX fuel production plant on which construction has 
only recently begun.14 Why then does Japan’s Government think it is necessary for JNFL 
to launch plutonium separation operations at Rokkasho as soon as permission is received 
from the Nuclear Regulation Authority? 
Independent analysts asked the same question of the UK Government in 1993 when it 
gave the go-ahead to the government-owned company, British Nuclear Fuels Limited, to 
begin reprocessing operations at its new Thermal Oxide Reprocessing Plant (THORP) at 
a time when the UK already had 39 tons of separated plutonium15 and the UK 
government had decided in 1988 that the Prototype Fast [Breeder] Reactor would shut 
down in 1994, ending the UK’s plutonium use program.16 In his book, Nuclear 
Entrapment, William Walker discusses the domestic and foreign bureaucratic forces that 
drove the UK government to this decision. His words describing the bizarre conclusion of 
the UK policy-making process could be applied today with only minor changes to 
Japan’s plan to start operating the Rokkasho Reprocessing Plant:17 

One of Britain’s largest industrial facilities was being turned on to provide plutonium that 
was no longer needed or wanted and whose stockpiling was considered by many to endanger 
international security. This was a facility which would give rise to significant risks and 
liabilities; which was “serving” customers several of whom wished to escape their 
commitments; whose construction had been – and operation would be – funded through 
surcharges and taxes on electricity consumers … and whose successful operation depended 
upon governments and other actors sorting out problems…for which there were no assured 
solutions.  

As of the end of 2012, the amount of separated plutonium in storage in the UK had 
increased to 121 tons of which 97 tons were its own, 17 tons belonged to Japan, with the 
remaining 7 tons belonging to an assortment of European utilities.18 The UK finally 
decided in 2012 to end its reprocessing program19 and is now facing a choice of costly 
alternatives for disposing of the plutonium that it separated at such great cost.  

By starting the Rokkasho Reprocessing Plant without an operating plutonium disposal 
program – or even a clear plan for restarting its shutdown reactors – Japan will be 
proceeding heedlessly down the same road.  
In what follows, we discuss: 

• The original justification of Japan’s reprocessing program; 

• Japan’s accumulation of separated plutonium and its failure thus far to dispose of 
much of it in MOX fuel;  

• The fact that separated plutonium, whether civilian or military, is weapon usable; 

• The spent-fuel storage problem that drives Japan’s reprocessing policy today; 

• The lack of radioactive waste management benefits of reprocessing; 

• On-site dry-cask storage of spent fuel as an alternative to reprocessing;  

• The safety benefits of dry-cask storage relative to pool storage for spent fuel that has 
cooled several years in a pool; 
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• The need for a radioactive waste repository whether or not spent fuel is reprocessed; 

• The negotiations with Aomori Prefecture over the future of the Rokkasho 
Reprocessing Plant; 

• The need to pay off the loans that financed the construction of the reprocessing plant, 
whether or not the plant is operated; 

• The likely need to centralize control over spent fuel management in Japan if a policy 
shift away from reprocessing is to be accomplished; and 

• Alternatives to MOX for disposing of Japan’s already separated plutonium. 
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The dream of plutonium breeder reactors and the reality of 
plutonium recycle 
 
Japan’s reprocessing program originated in the 1960s and 1970s as part of a worldwide 
effort by the industrialized countries to commercialize more uranium-efficient plutonium 
breeder reactors. The plutonium in the spent fuel of water-cooled reactors was to be 
extracted to provide startup fuel for the breeders.  

In 1956, in its first long-term plan, the Japan Atomic Energy Commission (JAEC), like 
its counterparts in other industrialized countries, expressed its intention to develop 
plutonium breeder reactors. In its 1961 plan, the JAEC predicted that breeder reactors 
would be commercialized within twenty years.  

In its 2005 plan, almost fifty years after its first long-term plan, however, the JAEC stated 
that it did not expect commercialization of breeder reactors within forty years.  

The outlook for breeders had changed drastically in the 1980s and 1990s because it had 
been found that: 

• Low-cost uranium was more abundant than originally predicted,  

• The growth of global nuclear power capacity was much lower than had been 
predicted, and 

• Liquid-sodium-cooled fast-neutron breeder reactors were much more costly to build 
and much less reliable to operate than water-cooled reactors.  

The United States and most European countries therefore decided to abandon 
reprocessing.20  
Three countries continued with programs to reprocess virtually all their spent fuel, 
however: France, Japan and the United Kingdom. In order to avoid further accumulation 
of separated plutonium in the absence of its demand for breeder reactor fuel, France and 
Japan decided to recycle their plutonium into uranium-plutonium mixed-oxide (MOX) 
fuel to be used in some of the light water reactors (LWRs) that had produced it.  

The new rationale for reprocessing was to separate long-lived plutonium from the 
radioactive waste that is to be emplaced in a deep underground repository in the hope that 
fast-neutron reactors, which could fission all the plutonium isotopes efficiently, would be 
commercialized. (The proposal by the nuclear energy community now is to “burn” 
plutonium in the same fast-neutron reactors that originally were justified as plutonium 
breeders.)  

India and Russia continued to reprocess on a smaller scale to support continuing breeder 
reactor R&D programs and, in 2010, China launched civilian reprocessing on a pilot 
scale in support of a tentative breeder reactor R&D program. 
France and the UK each built second reprocessing plants in the 1980s: UP-3 and THORP 
(Thermal Oxide Reprocessing Plant) respectively. The construction of these plants was 
largely financed by Japan and Germany and a few smaller European countries that did 
not own their own reprocessing plants but wanted to be part of the breeder reactor future.  
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Of those reprocessing customer countries, however, only one, the Netherlands, has 
renewed its reprocessing contract with France – and that only for its single nuclear power 
reactor. The UK therefore has decided to decommission its THORP plant after it has 
completed its existing contracts – currently projected for 2018. 21 The UK also will 
decommission a second plant that reprocesses the metal fuel of its first-generation gas-
cooled “Magnox” reactors after the last reactor of that type shuts down in 2014 or 2015.22 

The future of reprocessing in France is the subject of a battle between two huge 
government-owned companies: the national utility, Électricité de France, which wants to 
reduce its operating costs, and the national nuclear services company, AREVA, which 
operates the reprocessing plants.  

One consideration that is keeping reprocessing alive in France is that AREVA has been 
making a major effort, supported by successive presidents of France, to sell China a €20-
25 billion ($27-34 billion) reprocessing plant similar to the AREVA-designed Rokkasho 
Reprocessing Plant.23 AREVA also has not given up hope of selling a similar 
reprocessing plant to the U.S. 24 
Japan’s huge investment in its breeder program – over $17 billion in research, 
development and demonstration between 1974 and 2011 (Figure 2) – has similarly made 
it difficult to change its policy. 

 

  
Figure 2. History of Japan’s annual expenditures on fission energy and breeder research, 
development and demonstration (RD&D). In total, Japan spent $100 billion on fission RD&D 
between 1974 and 2011, of which about $17 billion went to breeder RD&D. 25 
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The Monju (Figure 3, left) and Joyo breeder reactors – both of which have been shut 
down for years by accidents26 – and the Japan Atomic Energy Agency’s huge Nuclear 
Fuel Cycle Engineering complex at Tokai, which includes the Tokai Pilot Reprocessing 
Plant (Figure 3, right) and their staffs of thousands of engineers and technicians are the 
result of these huge investments and understandably hard to abandon. 
 

 
Figure 3. The Monju (left) sodium-cooled Prototype Fast Breeder Reactor at Tsuruga, Fukui 
Prefecture (280 MWe) was only connected to the grid from 29 August until 8 December 1995, 
when it had a sodium fire. Preparations for resumed operations in 2010 were terminated by a 
refueling accident. Recently, preparations to restart Monju were halted by Japan’s Nuclear 
Regulation Authority because of concerns about its safety management system.27 The Tokai Pilot 
Reprocessing Plant (right) began operations in 1977 after the Carter Administration failed to 
convince Japan to join the United States in abandoning reprocessing. Sources: Asahi Shimbun and 
Kyodo News Service.  
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Japan’s growing stock of separated plutonium 
 
About 40 tons of plutonium were separated from the reprocessing of Japan’s spent fuel in 
France and the UK, mostly during the 1990s. The original plan was to ship the plutonium 
back to Japan for use in the fast-neutron breeder reactor (FBR) program and about 2 tons 
were shipped for mostly this purpose by early 1993. After the FBR program stalled, 
however, it was decided to fabricate the plutonium into uranium-plutonium mixed-oxide 
(MOX) fuel in Europe and ship it back to Japan to be used in 16 to 18 of Japan’s light-
water power reactors. That is now the plan for plutonium separated by the Rokkasho 
Reprocessing Plant as well.28  
The first shipment of MOX fuel to Japan from Europe, in 1999, was a combined 
shipment from France and the UK. Before the fuel was loaded into reactors, however, it 
was discovered that workers in the UK MOX pilot fuel fabrication pilot plant had 
falsified the quality control measurements of the diameters of some of the MOX fuel 
pellets. That fuel was eventually sent back to the UK.  

Loading of the French MOX into Fukushima Daiichi Nuclear Power Plant unit #3 was 
delayed for a decade because of local concerns that it might bring with it added safety 
risk, aggravated by the distrust caused by the 1999 MOX data fabrication incident and the 
2002 revelation that TEPCO had for decades been submitting reports to the government 
that concealed incidents of safety concern. In 2010, TEPCO finally obtained consent 
from Fukushima Prefecture to load the MOX fuel. The presence of this fuel in the reactor 
was a focus of concern during the 11 March 2011 accident even though it was not a 
significant factor. 

The UK’s commercial Sellafield MOX Plant (SMP), which began operations in 2001 
primarily to make MOX fuel for Japan, proved to be able to operate on average at only 
one percent of its design capacity. The small amount of fuel that it did produce was 
shipped to European customers. On 30 April 2010, Japan’s ten nuclear utilities, by then 
the sole remaining customers of SMP, agreed to finance a new effort to increase the 
SMP’s throughput. After the Fukushima accident, however, the UK Nuclear 
Decommissioning Authority (NDA) decided to abandon the plant in light of “the changed 
commercial risk profile for SMP arising from potential delays following the earthquake 
in Japan and subsequent events”.29  
In 2001, France shipped MOX fuel for TEPCO’s Kashiwazaki Kariwa Nuclear Power 
Plant unit #3 but the fuel still has not been loaded. The third and fourth shipments from 
France, in 2009 and 2010 for five reactors, fared somewhat better. Fuel was loaded into 
three of the reactors (Genkai #3, Ikata #3 and Takahama #3) but the MOX fuel intended 
for the other two (Hamaoka #4 and Takahama #4) still has not been loaded.  

In total therefore, as of the time of the Fukushima Daiichi accident, 3.5 tons of plutonium 
in MOX fuel had arrived from France and 2.5 tons had been loaded into four reactors, 
one of which had (coincidentally) suffered a core meltdown.  
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After the accident, on 27 June 2013, MOX fuel estimated to contain another 0.9 tons of 
plutonium arrived at the Takahama #3 plant after a two-month voyage from France. Like 
other Japanese nuclear utilities intent on getting consent from prefectural and local 
governments to restart their reactors, however, the owner of the plant, KEPCO, has not 
disclosed any immediate plans to use MOX fuel. Table 1 shows the situation with regard 
to the storage of fabricated MOX fuel at nuclear reactors in Japan as of the end of 2012. 

 
Nuclear reactor or critical facility Quantity of plutonium (kg) 

Joyo Experimental Fast Breeder Reactor    134 
Monju Prototype Fast Breeder Reactor      31 
Kashiwazaki Kariwa #3    205 
Hamaoka #4    213 
Takahama #4    184 
Ikata #3    198 
Genkai #3    160 
Fast Critical Assembly, Tokai R&D Center    331 
Deuterium Critical Assembly, Oarai R&D Center      87 
Static & Transient Experiment Critical Facilities, Tokai R&D C.      15 
Other      11 
Total 1,568 

Table 1. Unirradiated plutonium stored at nuclear reactors and critical facilities in Japan as of the 
end of 2012.30 In June 2013, an additional shipment of MOX fuel containing approximately 900 
kg of plutonium was delivered to Takahama #3 from France. 

Based on advice from the nuclear-weapon states, the International Atomic Energy 
Agency (IAEA) assumes that eight kilograms of plutonium is enough to make a first-
generation, i.e. Nagasaki-type nuclear explosive and defines that amount as “significant 
quantity (SQ).” 31 Therefore, six of Japan’s nuclear power reactors, its two breeder 
reactors and three different critical facilities are each providing long-term storage for 
significant quantities of nuclear-weapon-usable material. Even individual MOX fuel 
assemblies contain significant quantities of plutonium. Long-term storage of weapon-
quantities of unirradiated plutonium in so many locations in conditions of inadequate 
security should be a major international nuclear security concern.  
During 2006-2008, the stock of separated plutonium in Japan was increased by 3.6 tons 
as a result of a test run of the Rokkasho Reprocessing Plant. That test revealed a technical 
problem with vitrification (solidification in glass) of the liquid high-level radioactive 
waste. JNFL now believes that the problem has been solved and hoped to declare the 
plant operational in October 2013 and begin operations in the second half of fiscal year 
2013 (October 2013-March 2014). JNFL announced at the end of July 2013, however, 
that this plan would be delayed because Japan’s new Nuclear Regulation Authority 
(NRA) has announced that it will not be able to review the safety of the RRP until after 
the NRA’s new safety regulation rules for nuclear fuel cycle facilities are finalized in 
December 2013. A September 21, 2013 article in a local paper Too Nippo quoted an 
anonymous high official of NRA saying: “The delay would be at least one year. It would 
be better to plan for two years.” 32 
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A new MOX plant (J-MOX) is being built next to the RRP where plutonium separated at 
the RRP is to be made into MOX fuel. J-MOX is still officially scheduled to start 
operations in March 2016. Construction work was delayed for about one year, however, 
by the Fukushima accident with work on the building only starting in October 2012. Any 
additional plutonium separated at Rokkasho during the next several years therefore will 
simply go into storage. 

Figure 4 shows the evolution of Japan’s plutonium stockpile since the early 1990s and a 
projection until 2025 assuming that the Rokkasho plant operates and the delay of 
plutonium recycle in MOX continues.   
 

 
Figure 4. Growth of Japan’s stock of separated plutonium. In the 1990s and early 2000’s the 
growth was primarily due to reprocessing of Japan’s spent fuel in France and the UK. During 
2006-8, test operations at the RRP separated 3.6 tons of plutonium. In 2013, France shipped 0.9 
tons of plutonium in MOX fuel to Japan. Japan Nuclear Fuel Limited’s (JNFL’s) 31 January 2013 
plan was to start operations at the RRP in the latter half of fiscal year 2013.33 On 1 November 
2013, however, JNFL announced another delay.34 In the scenario shown here, we have assumed a 
nine-month delay relative to the January 2013 plan: 1 ton of plutonium separated in calendar 
2014, 2.9 tons in 2015, and 4.4 tons in 2016.35 We assume thereafter the RRP, operating at its 
design capacity of 800 tons of spent fuel per year, will separate about 8 tons of plutonium 
annually.36 If this plan is carried out and the MOX program continues to be stalled, Japan’s total 
stockpile will rise to about 100 tons within a decade. 
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Reactor-grade plutonium is weapon-usable 
 
Although some reprocessing advocates still continue to deny it, power reactor plutonium 
can be used to make nuclear weapons.37 By the IAEA metric of 8 kg for a Nagasaki-type 
nuclear weapon, the nine tons of unirradiated plutonium currently in Japan is enough for 
more than one thousand nuclear explosives. This is of concern for Japan’s neighbors and 
also the United States. In a speech during his visit to South Korea for the Seoul Nuclear 
Security Summit in March 2012, President Obama urged:38 

We simply can’t go on accumulating huge amounts of the very material, like separated 
plutonium, that we’re trying to keep away from terrorists. 

In April 2013, Vice Chairman of the JAEC, Tatsujiro Suzuki, reported that, during a visit 
to Washington early that month, two high-level Obama Administration officials had 
made pointed comments to him about Japan’s reprocessing plans:39 

• Assistant Secretary of State for Nonproliferation Thomas Countryman stated that, 
Japan’s operation of the Rokkasho Reprocessing Plant could undercut US 
nonproliferation efforts with Iran and its efforts to persuade South Korea not to 
reprocess; and 

• Deputy Secretary of Energy Daniel Poneman expressed deep concern that 
reprocessing without a credible plutonium use program would further increase 
Japan’s stock of separated plutonium.  

Earlier, in September 2012, Poneman had pointed out to emissaries from the Noda 
Administration the inconsistency in the Noda administration’s nuclear policy:40  

1. If nuclear power is abandoned, reprocessing also must be abandoned because use of 
the separated plutonium in reactor fuel would become impossible. 

2. Conversely, if a policy of plutonium separation is adopted, nuclear power must 
continue in order to provide a use for the plutonium.  

This message was not communicated clearly in Japan, however. Indeed, some turned 
Poneman’s support of nuclear power and fast reactor research and development into a 
message that “the US wants Japan to reprocess.”41 
In addition to being a nuclear explosive material, plutonium also is extremely radiotoxic 
if inhaled and therefore could be used to make a very lethal “dirty bomb.”42 
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Japan’s spent fuel storage problem as a rationale for 
continuing reprocessing 
 
A major driver that keeps reprocessing alive in Japan today is the limited space for spent 
fuel storage at Japan’s nuclear power plants. This is a self-perpetuating situation, 
however. Japan’s nuclear utilities have not moved to expand on-site storage because that 
would be inconsistent with their plans to promptly send spent fuel off site for 
reprocessing as soon as it is cool enough to transport.  
Table 2 (overleaf) shows the current situation at each of Japan’s nuclear power plants 
except for those in Fukushima Prefecture, which are not expected to restart. According to 
METI’s projection, if they are allowed to resume operation, three of Japan’s nuclear 
power plants could run out of storage space in their spent fuel pools after three years. We 
show four years in Table 2 because we have assumed a higher fuel burnup than METI. At 
the other extreme, two of the nuclear power plants have space for about 20 more years of 
spent fuel discharges. Eventually, however, all the pools at operating reactors will fill up 
if the older cooler spent fuel is not removed.  

Instead of doing something about Japan’s spent fuel storage situation, the JAEC has been 
arguing for more than eight years that it would take too long to persuade prefectural and 
municipal governments to allow expanded on-site storage at the nuclear power plants and 
that therefore the plans to reprocess must go forward. In 2005, in its long-term plan for 
nuclear energy in Japan, the JAEC argued:43  

“If we make a policy change from reprocessing to direct disposal, it is indispensable for the 
continuation of nuclear power generation to have communities that up until now have 
accepted selection as a site for nuclear facility, based on the assumption that spent fuel would 
be reprocessed, understand the new policy of direct disposal and accept the [temporary] 
storage of spent fuel at the site. It is clear, however, that it takes time to do so, as it is 
necessary to rebuild relationships of trust with the community after informing them of the 
policy change. It is likely that the nuclear power plants that are currently in operation will be 
forced to suspend operations, one after another, during this period due to the delay of the 
removal of spent fuel.” 

This argument has been reinforced by threats from the governments of Aomori Prefecture 
and Rokkasho Village that, if the Rokkasho Reprocessing Plant (RRP) is not operated, 
they will demand that the approximately 3,000 tons of spent fuel currently in the RRP 
intake storage pool be returned to the nuclear power plants from which it came.  
Aomori Prefecture also has threatened that, if the RRP is not operated, it will block use of 
a new interim spent fuel storage facility owned by TEPCO and the Japan Atomic Power 
Company (JAPC) in Mutsu city in the prefecture. The Mutsu facility is designed to store 
initially 3,000 tons and, after the construction of a second building, a total of 5,000 tons 
of spent fuel from reactors belonging to the two companies – but only on the 
understanding that the stored fuel eventually will be reprocessed.44 
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Utility Plant Net 
capacity 

GWe 

Annual 
discharge 
Uranium 

tons 

Spent fuel 
stored 

Uranium 
tons 

Total 
available 
capacity 
Uranium 

tons 

Years 
till 
full 

Years of 
discharge 

in pool 

Hokkaido Tomari 1-3 
PWR 1.97 27 400 1020 22.7 11 

Tohoku 

Onagawa 1-3 
BWR 2.09 33 420 790 11.3 9 

Higashidori 1 
BWR 1.07 16 100 440 20.7 4 

TEPCO 
Kashiwazaki-
Kariwa 1-7 
BWR 

7.97 126 2,370 2,910 4.3 14 

Chubu Hamaoka 3-5 
BWR 3.47 55 1,140 1,740 11.0 15 

Hokuriku Shika 1-2 
BWR 1.61 27 160 690 19.4 4 

KEPCO 

Mihama 1-3 
PWR 1.57 27 390 680 10.6 10 

Takahama 1-4 
PWR 3.22 55 1,160 1,730 10.4 15 

Ohi 1-4 PWR 4.49 60 1,420 2,020 10.0 17 

Chugoku Shimane 1-2 
BWR 1.22 22 390 600 9.6 13 

Shikoku Ikata 1-3 
PWR 1.92 27 610 940 12.1 16 

Kyushu 

Genkai 1-4 
PWR 3.31 49 870 1,070 4.1 13 

Sendai 1-2 
PWR 1.69 27 890 1,290 14.6 24 

JAPC 

Tsuruga 1,2 
BWR, PWR 1.45 22 580 860 12.8 19 

Tokai Daini 2 
BWR 1.06 16 370 440 4.3 16 

Totals  38.11 591 11,270 17,220 10.1 14 

Table 2. Spent fuel stored and total available capacity for spent fuel at each of Japan’s nuclear 
power plants reported by METI as of the end of September 2013.45 The Fukushima Daichi and 
Fukushima Daini nuclear power plants are not shown because METI does not expect them to 
restart. The 16-month reloads shown in METI’s estimates (three-month periodic inspection after 
13 months of operation) appear to be for an average burnup of 36.5 MWt-days/kg. Current 
burnups in Japan are typically 45-50 MWt-days/kg.46 The annual discharge and years-till-full 
columns in our table therefore are calculated assuming an average of 50 MWt-days/kg in the 
future. 
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It is doubtful that either of these threats would be carried out if Japan abandoned or 
indefinitely suspended reprocessing and began to expand spent fuel storage at the reactor 
sites. Due to the delay in the operation of the RRP, Aomori Prefecture has shifted the 
primary basis for its “nuclear fuel taxes” to the spent fuel stored at the RRP.  

In any case, reprocessing is an extravagantly expensive alternative to spent-fuel storage. 
Instead of the older cooler spent fuel being stored in air-cooled dry casks as in other 
countries, in Japan, it is to be separated into uranium, plutonium and radioactive wastes 
that are to be stored in separate locations within JNFL’s Rokkasho complex.  

This is, of course, not the way reprocessing is being represented to citizens of Aomori 
Prefecture or of Japan as a whole. They are being told that reprocessing creates a 
domestic energy source and makes Japan more self-sufficient by reducing its uranium 
imports by up to 25 percent47 and also that MOX use reduces the long-term radioactive 
hazard from spent fuel. As has already been noted, Japan’s uranium imports could be 
reduced a similar amount for one tenth the cost by increasing the percentage of U-235 
extracted from natural uranium at uranium enrichment plants. 48 We discuss the alleged 
radioactive waste management benefits from reprocessing below. 
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Do reprocessing and MOX use reduce radioactive waste 
volume and toxicity? 
 
Japan’s Ministry of the Economy, Technology and Industry (METI) argues that 
reprocessing and the use of MOX fuel in light water reactors (LWRs) and eventually in 
sodium-cooled fast-neutron reactors would have important waste-management benefits. 
According to METI:49 

1. Plutonium recycle in LWRs and fast-neutron reactors would respectively reduce the 
volume of high-level waste to about 1/4 and 1/7 of the volume of the original spent 
fuel; and 

2. Reduce the time required for the toxicity of the high-level waste to decay to the same 
level as the original natural uranium from about 100,000 years to 8,000 years and 300 
years respectively. 

Careful calculations for the case of France have shown, however, that, if all the 
radioactive waste streams from reprocessing and MOX fuel fabrication that require deep 
burial are included, the volume of the packaged waste is the same as that of the original 
spent fuel within uncertainties.50  

In any case, the area of a deep geological repository is determined not by the volume of 
the waste but rather by its heat output. Here too, reprocessing and MOX fuel use in light 
water reactors have negligible benefit since spent MOX fuel, which will most likely be 
placed in the repository, has about as high a long-term heat output as the uranium spent 
fuel from which it was produced.51  
Plutonium recycle in LWRs also does not greatly reduce the long-term radioactive hazard 
from spent fuel. The irradiation of MOX fuel typically reduces the amount of plutonium 
in spent fuel only by about 40 percent, even taking into account the plutonium that would 
have been produced in the low-enriched uranium fuel that otherwise would have been 
used.52  

Reducing the plutonium further with multiple recycles in light water reactors has not 
been attempted. One disincentive is that the recycled plutonium would contain an 
increasing fraction of plutonium isotopes that are not fissionable by the slow neutrons 
that dominate in light water reactors. Also, each recycle would produce more curium-244 
and other isotopes that fission spontaneously creating a major radiation hazard from 
penetrating neutrons and requiring very costly remote fuel fabrication behind heavy 
shielding.53 
Separation of plutonium and other transuranic elements and their repeated irradiation in 
sodium-cooled fast-neutron reactors such as Monju, redesigned to be “burner” reactors by 
design changes including the removal of the uranium “blanket” around the core, could, 
over hundreds of years “transmute” (fission) plutonium and other transuranic elements 
into other mostly shorter-lived elements, reducing their total presence in reprocessing 
waste to a few percent of the amount in LWR spent fuel. The cost would be huge, 
however.  
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A major review of transmutation by the U.S. National Academy of Sciences (NAS) 
concluded that:54  

“none of the dose reductions [to future generations] seem large enough to warrant the 
expense and additional operational risk of transmutation.”  

The “operational risks” discussed in the NAS report did not include the very significant 
risks of nuclear proliferation and nuclear terrorism associated with separated plutonium. 
In any case, even in France, there are as yet no firm plans to separate out and transmute 
the plutonium in spent MOX fuel. Despite about $100 billion spent by the industrialized 
countries on research, development and demonstrations, only a few pilot and prototype 
fast-neutron reactors exist in the world today.55 It would be foolhardy to separate more 
plutonium during the next few years on the assumption that fast neutron plutonium 
burner reactors will be built in significant numbers to fission it. 
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Dry-cask storage as an alternative to reprocessing 
 
In most countries that operate nuclear power plants, when the power plant spent fuel 
pools fill up, the fuel that has cooled longest in the pools is moved into massive casks – 
usually on the nuclear power plant sites.  

Japan has done this on a small scale at two of its nuclear power plants. Interestingly, one 
was the Fukushima Daiichi plant, where nine casks containing a total of 408 spent fuel 
assemblies have been stored in a repurposed building since 1995.56 (Figure5)  
Although the structure of the building housing the casks was damaged by the tsunami, in 
contrast to the situation at the reactor spent-fuel pools, there were no concerns that the 
spent fuel stored in the casks could overheat, catch fire and release huge quantities of 30-
year half-life cesium-137. This is because, unlike the spent-fuel pools, casks have no 
powered cooling systems that can fail. The radioactive decay heat from the fuel inside is 
conducted to the surface and removed by passive air convection.  
The global nuclear industry considers dry storage a low-cost mature technology. The first 
dry-cask storage facility in the United States was licensed 27 years ago in 1986.57 This is 
well-understood in Japan’s nuclear industry. In 2005 and 2011, the Japan Nuclear Energy 
Safety Organization (JNES) published comprehensive illustrated reports on the status of 
on-site dry-cask storage in many countries around the world.58  

 

 
Figure 5. Spent fuel storage casks at the Fukushima Daiichi nuclear power plant after the tsunami 
had washed through the building. Each cask is 5.6 meters long with a diameter of 2.2-2.4 meters, 
weighs about 100 tons and contains 6.3 or 8.8 tons of spent fuel. They are designed for spent fuel 
that has cooled for 5 to 7 years in a pool. Source: TEPCO.59  
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In Germany, after the nuclear utilities agreed with the government in 2000 to end by mid-
2005 shipments of spent fuel to France and the UK for reprocessing, every operating 
nuclear power plant quickly built on-site, air-cooled dry-cask storage for its older fuel to 
ensure that there would continue to be space in the pools for the discharge of additional 
spent fuel.60 In all but one case, the casks are stored in thick-walled buildings. In one case, 
however, there was no space for an additional building on the site and the casks were 
emplaced in a tunnel under the site and at four nuclear power plants, temporary air-
cooled concrete caskets for the casks were installed until a storage building could be 
completed (Figure 6).61 As of the end of 2010, Germany’s dry-cask at-reactor storage 
facilities contained 2,678 tons of spent fuel and were licensed to contain more than 
14,000 tons.62  
 

    
Figure 6. Storage tunnels under construction (left) and with the first casks emplaced (center) at 
the Neckarwestheim nuclear power plant in Germany, where there was not enough space for a 
new building. The image on the right shows temporary protection for German storage casks 
pending construction of a permanent storage building. Sources: Wolfgang Heni and Gesellschaft 
für Nuklear-Service mbH (GNS).63 

This method of temporary storage is being copied on the Fukushima Daiichi site today. A 
temporary dry-cask storage facility, initially for 50 casks, with 15 to be added later as 
needed, is currently under construction. The idea is to move about half of the 1,100 tons 
of spent fuel currently in the Fukushima Daiichi common pool, which is almost full, into 
dry casks to make space for the spent fuel in the four reactor pools, which together 
contain about 500 tons of fuel (3,100 fuel assemblies including fresh fuel). The transfers 
will start with the unit #4 pool about which the safety concern is the greatest.64 Removal 
of spent fuel from pool of Unit 4 is to begin in November 2013, when it is hoped that the 
overhead crane to handle spent fuel will have been declared safe to use.65 
The nine casks stored since 1995 in the now damaged dry-cask storage building are also 
to be moved into the temporary storage area. The first cask of the nine was transferred to 
the temporary storage area on 4 April 2013 after being opened for inspection of the 
contained fuel in the common pool.66  
According to industry sources, about 100 carbon steel casks can be built per year in Japan 
without investing in additional production capacity67 and about 100 more per year could 
be procured overseas. Two hundred casks could accommodate about 2,000 tons of spent 
fuel, which is about three times the annual discharges from the power reactors shown in 
Table 2 if all were allowed to operate.  

Even at small sites, storage at reactors is possible  
(storage tunnels under office building, Neckar-Westheim Plant, Germany, 2006) 

Even at small sites, storage at reactors is possible  
(storage tunnels under office building, Neckar-Westheim Plant, Germany, 2006) 
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The larger issue that concerns Japan’s nuclear utilities, however, is whether prefectures 
with operating nuclear power plants will allow the addition of dry-cask storage at the 
nuclear power plants that they host.  
Japan is different from the United States and perhaps other countries in that its nuclear 
utilities have “gentlemen’s agreements” with their host prefectural and local governments 
that require those governments to consent to construction of new facilities, including dry-
cask storage facilities, at the nuclear power reactor sites. The effect of these agreements 
has been felt keenly recently with regard to another requirement of consent to restarting 
of the reactors after the periodic inspection which is conducted after 13 months of 
operation. After the March 2011 accident at Fukushima Daiichi, these consents were 
refused and, as a result, as of April 2012, all of Japan’s nuclear power reactors had been 
shut down.68  

The need for expanded interim spent fuel storage has been a concern of Japan’s nuclear 
utilities for at least two decades. This was why the common pool with a capacity of 1200 
tons of spent fuel was built and dry-cask storage was introduced into an existing building 
at the Fukushima Daiichi plant. JAPC also built a dry-cask storage facility at the Tokai 
Daini (Tokai 2) nuclear power plant with permission to install a total of 24 casks to store 
250 tons of spent fuel. 69  

The record of local acceptance of interim storage is not all positive. In 2004, the mayors 
of the three towns that host Kansai Electric Power Company’s (KEPCO’s) three nuclear 
power plants in Fukui Prefecture expressed a willingness to consider hosting an off-site 
interim spent fuel storage facility but the governor vetoed the idea. 70 Following the 11 
March 2011 accident, however, dry-cask storage has become part of the nuclear safety 
debate. On 5 March and 31 Oct. 2013, the Governor of Shizuoka Prefecture, Heita 
Kawakatsu, said that construction of on-site dry-cask interim storage would be a safety 
requirement for restarting of the three nuclear power reactors at the Hamaoka nuclear 
power plant.71 
The municipalities hosting nuclear facilities are dependent on economic benefits from 
these facilities. Their income from property taxes is about twice as much per capita as in 
the average Japanese municipality. Nuclear-related grants and contributions from the 
central government and nuclear utilities raise the ratio even higher.72 If a decision were 
made not to operate the Rokkasho Reprocessing Plant, the prefectures and municipalities 
hosting nuclear power reactors that the Nuclear Regulation Authority decides are safe to 
operate would be faced with a choice: either accept on-site dry-cask storage, which is 
safer than pool storage, or lose the tax and other economic benefits of hosting operating 
nuclear power plants when their spent fuel pools fill up. 

The prefectures hosting nuclear power plants should be allowed to raise income from 
special taxes per ton of spent fuel stored in dry casks and share it with the local 
communities as would be done with the Mutsu facility in Aomori Prefecture. It also 
would be appropriate to repurpose to the objective of encouraging on-site dry-cask 
storage the special grants that have been given to municipalities for allowing the use of 
MOX fuel in the reactors that they host. By accepting expanded safer on-site storage, the 
host communities would make unnecessary all the costs and dangers associated with the 
separation and recycle of plutonium. 
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The safety argument for dry-cask storage. The present moratorium on operation of 
nuclear power reactors in Japan is a result of safety concerns raised by the Fukushima 
Daiichi accident. Moving older spent fuel from pool into dry-cask storage would reduce 
one of the safety concerns raised by that accident. Indeed, Shunichi Tanaka, in his first 
press conference as chairman of the Nuclear Regulation Authority, urged that spent fuel 
be moved into dry casks after about five years of pool storage:73 

“Spent fuel not requiring active cooling should be put into dry casks … for five years or so 
cooling by water is necessary…I would like to ask utilities to go along those lines as soon as 
possible.”  

This reflected the great concern that developed during the Fukushima accident about 
safety of the spent fuel in the reactor spent fuel pools. Indeed, in response to a request 
from Prime Minister Naoto Kan, a group led by JAEC Chairman Shunsuke Kondo came 
up with a worst-case scenario for the potential results of the on-going accident at 
Fukushima Daiichi. Their worst case was not from the reactor core meltdowns but from a 
spent fuel fire if the storage pool of unit #4 were to dry out. According to a report in the 
Asahi Shimbun74  

“The plan would have ordered mandatory evacuations of everyone within a 170-km radius of 
the plant. Evacuations would have been voluntary for those living between 170 km and 250 
km from the plant, including the Japanese capital…  

“The worst-case scenario imagined the melting of 1,535 fuel assemblies, an equivalent of fuel 
used for two reactors, kept in a spent fuel storage pool at the No. 4 reactor. 

“The report also predicted the extent of soil contamination of areas required to evacuate in 
light of standards set after the 1986 Chernobyl accident in Ukraine.  

“The scenario said areas within a 170-km radius of the plant would have been contaminated 
with 1,480 kBq/m2, a level that requires mandatory evacuation.  

“Areas where the government would have requested voluntary evacuations were predicted to 
have 555 kBq/m2, extending to a 250-km radius, which included Tokyo and surrounding 
areas… 

“The report said it would have taken several decades for radiation levels to decrease naturally 
in the mandatory and voluntary evacuation zones. 

“The report also said high radiation levels could have extended beyond the 250-km radius, 
and people in those areas would have also been advised to relocate.” 

Spent pool #4 contained about 20 MegaCuries* (MCi) of 30-year half-life cesium-137, 
the fission product that has caused the long-term evacuation of large areas around the 
Chernobyl and the Fukushima Daiichi nuclear power plants. In comparison, the 
Chernobyl release was about 2 MCi and the airborne release from the Fukushima Daiichi 
reactors has been estimated at about 0.3±0.1 MCi.75 A circular area with a radius of 250 
km considered for mandatory and voluntary evacuation in the worst-case scenario 
considered by Chairman Kondo’s group would have an area of about 200,000 km2. This 
estimate is consistent with our independent calculations of the consequences if a spent-

                                                
* A Becquerel (Bq) is the modern unit of radioactivity: the radioactive transformation of one atom per 
second. The Curie (Ci) is an older unit, is a unit of radioactivity equal to that of one gram of radium-226, 
37 billion radioactive transformations per second. Radium-226 has a half-life of 1600 years. 
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fuel fire released all the cesium-137 in pool #4 – i.e. ten times the amount released by the 
Chernobyl accident – and if the wind direction changed during the fire so that the 
contamination was blown equally in all directions.76 
In the United States, most nuclear power plants were designed before the U.S. abandoned 
reprocessing in 1977. It was assumed that spent fuel would be transported to a 
reprocessing plant as soon as it was cool enough to be moved in an air-cooled cask, i.e., 
within a few years. Today, U.S. spent fuel pools contain on average about 25 years of 
spent fuel discharges in pools originally designed for about five years of discharges.77  

Japan’s spent fuel pools contain on average about 14 years of discharges and have on 
average a capacity to hold an additional 10 years of discharges (Table 2). This is because 
they have been re-racked: the storage configuration in the pools has been changed from 
open rack to dense packed, in which the fuel assemblies are packed almost as tightly as in 
a reactor core with partitions of steel between them with attached sheets of material 
containing the neutron absorber boron to prevent a chain reaction. The configuration in 
Fukushima Daiichi spent fuel pool #4 shows that it was dense-packed (Figure 7). 
 

 
Figure 7. Left: Spent fuel assemblies stored densely in racks in Fukushima Daiichi spent fuel 
pool #4 with the radioactive decay heat from each assembly shown for 11 March 2011, the date 
of the accident. All the fuel assemblies are stored vertically in 53 fuel storage racks of a high-
density design. Each rack can hold 30 fuel assemblies in 0.15 m×0.15 m square boxes in a 3 × 10 
configuration. The separation walls between cells are made of stainless steel with a sheet of 
neutron absorbing boron attached. The hottest 548 assemblies (shown in red) belonged to the full 
core that had been unloaded during the periodic inspection starting on 30 November 2010 to 
allow inspection of the interior of the reactor pressure vessel. The yellow fuel had been in the 
pool for about 5 years. Some of the racks were filled with fresh fuel (dark blue). The Fukushima 
Daiichi reactors are boiling water reactors (BWRs). Each BWR fuel assembly contains about 0.17 
tons of uranium, Source: US Department of Energy;78 Middle: Open storage racks originally used 
in some U.S. pressurized water reactor pools. Right. High-density closed-box racks similar to 
those used in the Fukushima spent fuel pool #4 can store four times the amount of fuel in the 
same area as the open racks but could prevent air cooling if the pool lost water. Source: Sandia 
National Laboratory.79 

Thermal analysis of pool heatup
and boil off

 Models of spent fuel pools developed to predict pool boil off time and 
to understand hydrogen production

 Used to perform analysis of pool leakage scenarios
 Calculations based on several codes and models to provide range in 
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One danger from dense-packing is that the solid walls of the racks would reduce air 
circulation through the spent fuel assemblies if the pools lost water. This reduction would 
be total if the drainage were only partial and water still covered the openings at the 
bottoms of the racks. Thus dense packing increases the danger that, in case of loss of 
water, the portions of the fuel assemblies not cooled by water will heat up to the point 
where its zirconium cladding catches fire.  

This concern and the vulnerability of many above-ground pools, such as those at the 
Fukushima Daiichi plant, has led to proposals since 9/11 that spent fuel assemblies older 
than five years be removed from the pools and placed into passively safe dry casks.80  
Five years after discharge from a reactor, the radioactive decay heat of spent fuel has 
declined to about 3 ± 1 kW per ton (Figure 8). The heat generated by radioactive decay in 
the fuel flows to the exterior of the cask where it is removed by passive air cooling. The 
heat dissipation rate from the surface of a cask containing ten tons of 5-year old spent 
fuel would be about the same as from a black sunlit surface at noon on a clear mid-
latitude summer day.81  
Three years after discharge, when the decay heat would be 6 kWt/ton or less, dry-cask 
storage also is possible, but with fewer fuel assemblies per cask.82 Conversely, one of the 
economic incentives for waiting longer than five years is that more spent fuel can be 
stored in each cask. 
 

 
Figure 8. Decline of radioactive heat rate from a ton of spent fuel after reactor shut down, 
Source: Science & Global Security.83 
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The same safety concerns relating to reactor pools apply to the large storage pools at the 
Rokkasho Reprocessing Plant. Indeed, one of the first times that the dangers of dense-
packed spent fuel storage pools was raised was in 1977, during a state hearing on a 
reprocessing plant that was proposed for construction in the town of Gorleben in the state 
of Lower Saxony, Germany. At the end of the hearing, the state rejected the reprocessing 
plant84 and ultimately, the German utilities decided not to build a commercial 
reprocessing plant. After the reprocessing plant was cancelled, interim storage facilities 
for spent fuel and vitrified high-level waste were built at Gorleben and Ahaus but dry-
cask storage was chosen instead of pool storage because of the safety concerns that had 
been raised about pool storage.85 

Given these concerns, it would be desirable on safety grounds alone to quickly establish 
dry-cask storage so that enough fuel can be removed from spent fuel pools to allow their 
return to open racking. Today this would require the removal of about 8,000 tons of spent 
fuel and its storage in about 800 casks.86 The Mutsu facility is designed to store 3,000 
tons. The remaining 5,000 tons could be stored in about 500 casks, i.e. an average of 
about 30 casks at each of Japan’s 15 nuclear power plants. If Aomori Prefecture refused 
to allow the use of the Mutsu storage facility, that would increase the average number at 
each nuclear power plant by about 20 casks. For comparison, Germany has established 
on-site dry cask storage for about 14,000 tons of spent fuel at its 13 nuclear power plants, 
with an average of more than 100 cask positions per plant.87  
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The need for a radioactive waste repository 
 
If the central government made a firm decision to end reprocessing and the prefectures 
were convinced that the nuclear power plants that they host are sufficiently safe, it seems 
unlikely that they would shut down the plants over the issue of dry-cask spent fuel 
storage. The real concern that the prefectures would have would be that on-site interim 
storage might become permanent.  

Japan, like other countries, needs a credible strategy for moving forward with spent fuel 
and high-level-waste disposal. Japan’s 2000 Radioactive Waste Final Disposal Act 
established the Nuclear Waste Management Organization (NUMO). In December 2002, 
NUMO started soliciting applications from local communities to host a deep underground 
geological repository for vitrified high-level waste. One community government 
volunteered, but then withdrew because of local political opposition. The central 
government’s ability to have a geological repository in operation by 2045 therefore is 
losing credibility. That is the year by which Aomori Prefecture was promised that the 
reprocessing waste from Europe would begin to leave.88 
The lack of progress in siting a geological repository does not, however, require 
reprocessing technically or politically. On-site dry-cask storage has been chosen over 
reprocessing in Germany, the United States and many other countries that have no near-
term prospects for siting a geological repository or a central storage facility.  
Indeed, in the United States, in 2010, over 170 non-governmental organizations from all 
50 states endorsed a set of principles that included a requirement for low-density, open-
framework storage racks in spent fuel pools, “hardened” on-site dry-cask storage (for 
example, with the casks inside a thick-walled building as in Germany) and a prohibition 
against reprocessing. The manifesto explains that:89  

“The reprocessing of irradiated fuel has not solved the nuclear waste problem in any country, 
and actually exacerbates it by creating numerous additional waste streams that must be 
managed. In addition to being expensive and polluting, reprocessing also increases nuclear 
weapons proliferation threats.” 
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Negotiating with Aomori Prefecture 
 
During the central government’s 2012 review of the future of Japan’s nuclear-energy 
policy, the governor of Aomori Prefecture injected himself forcefully into the debate – as 
he had during the previous (2004-5) review of national reprocessing policy. He suggested 
that, unless reprocessing proceeded as previously planned, Aomori Prefecture might: 90 

• Demand that the 3,000 tons of spent fuel in the RRP intake pool be taken back by the 
power plants that produced it; and 

• Refuse to accept the wastes from the reprocessing of Japan’s spent fuel in Europe or 
spent fuel from other prefectures for storage at the Mutsu interim storage facility.  

Currently, the intake pool at the Rokkasho Reprocessing Plant (RRP) is Japan’s de facto 
central interim spent fuel and high-level radioactive waste storage site. It contains about 
3,000 tons of spent fuel and returned high-level waste from the reprocessing of Japan’s 
spent fuel in Europe. It also stores the plutonium, uranium and radioactive waste from the 
reprocessing of 425 tons of spent fuel during test operation of the RRP in 2006-8. If the 
RRP operates, these stocks of separated materials will increase rapidly.  
The prefecture accepts this role in exchange for the economic benefits:  

• JNFL is the biggest company in Aomori Prefecture, directly employing 1,400 Aomori 
Prefecture residents plus almost twice as many indirectly through construction 
contracts.91 As of the end of FY2010, JNFL had issued construction contracts in the 
prefecture cumulatively worth ¥0.51 trillion (~$5 billion).92 

• The taxes that JNFL pays to the prefectural government on spent fuel imported to and 
stored in the prefecture account for most of the prefecture’s “nuclear fuel taxes,” 
which totaled ¥16 billion (~$160 million) in Fiscal Year (FY) 2012, 14% of the 
Prefecture’s total tax income; 93 and 

• The large central government grants that Rokkasho Village receives (¥2.6 billion or 
~$26 million in FY 2011) in addition to property taxes from JNFL and contributions 
from the nuclear industry that in total account for half of the Village’s income. 94  

Aomori Prefecture has been levying nuclear fuel taxes since 1991. The tax for spent fuel 
imported to the RRP is ¥19.4 million/ton (~$200,000/ton). Because of postponements of 
the RRP startup date, since 2006, Aomori also has been levying an annual tax on stored 
spent fuel that arrived after 28 September 2006. In January 2010, after yet another 
postponement of the startup of commercial operations at the plant, Aomori raised this tax 
from ¥1.3 million/ton to ¥8.3 million/ton (~$83,000/ton) per year. 95  

Thus Aomori has already shifted its ”nuclear fuel taxes” from the amount of spent fuel 
brought in for reprocessing each year to the amount of spent fuel stored. In addition, in 
April 2012, there was an increase of the taxes for storage of low-level and high-level 
wastes.96 This tax shift from reprocessing to storage would tend to insulate Aomori 
Prefecture from losses in its tax base if the RRP does not operate – unless it implements 
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its threat to return spent fuel in the RRP intake pool to the power plants from which it 
came and refuses to accept spent fuel for storage in the Mutsu facility. 

For Aomori to accept a permanent shift in its role from the processing to the storage of 
spent fuel and radioactive waste, however, it would be necessary for the government and 
people of Aomori Prefecture to face the fact that, ever since 1997, when the emphasis for 
plutonium use shifted from breeder reactors to recycling in MOX back into light water 
reactors, reprocessing has not been a meaningful enterprise.  
If the central government makes the decision to stop reprocessing, it should negotiate 
fairly with Aomori Prefecture and Rokkasho Village about their choices between the 
economic benefits of continuing to provide an interim storage site for Japan’s high-level 
waste and spent fuel and the loss of those benefits.  
If local authorities agree to interim dry-cask storage at the nuclear power plants, then it 
would be unnecessary to ship spent fuel from TEPCO and JAPC reactors to Mutsu. 
Indeed, the casks, which account for 70-80 percent of the estimated cost of the 3,000-ton 
Mutsu interim storage facility,97 could be used at the reactor sites instead.98 These are 
dual purpose transportation and storage casks99 and it is already planned to use some of 
them at the Fukushima Daiichi site (see above).  
Hopefully, Aomori Prefecture would agree to continue to store at least the 3,000 tons of 
spent fuel currently in the receiving pool of the Rokkasho Reprocessing Plant. This fuel 
could be transferred to the Mutsu dry-cask storage facility.100 That facility is owned by 
TEPCO and JAPC but, as a result of the Fukushima accident, the central government has 
taken over a controlling ownership of TEPCO and JAPC is mostly owned by Japan’s nine 
other nuclear utilities. The storage capacity of the Mutsu facility therefore could be 
reapportioned between the utilities according to the amount of spent fuel that each has in 
the Rokkasho storage pool. If Aomori Prefecture agrees to keep the 3,000 tons of spent 
fuel in the RRP intake pool, but transferred it to the Mutsu storage facility, additional 
casks would have to be ordered. 
Economic development assistance also could be offered to Aomori Prefecture to offset 
the loss of jobs associated with maintaining and operating the reprocessing plant. 
Because of the huge amount of work involved in decommissioning a reprocessing plant, 
however, that decline in workforce would take decades. 101 
Reprocessing waste from France and the UK. Aomori Prefecture has threatened that, if 
a decision is made not to operate the RRP, it will stop accepting for storage the vitrified 
high-level reprocessing waste and intermediate-level waste being returned from the 
reprocessing of 5,628 tons of spent Japanese light-water reactor fuel in France and the 
UK.102 Returned wastes are being stored at the Rokkasho complex until a deep geological 
repository can be sited. 
The return to Japan of high-level vitrified waste from reprocessing in France (1,310 
canisters) was completed in 2007. However, returns of the associated compacted 
intermediate-level waste France are yet to begin.103  

Shipments of vitrified high-level waste from the UK began in 2010 and are currently 
planned to be completed in 2020. The UK will keep the associated intermediate-level 
waste and ship some extra high-level waste instead.104 
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The total amount of high-level waste to be shipped from the UK is about 10% of the 
amount it expects to have accumulated from the reprocessing of its own spent fuel.105 
France’s shipments of intermediate-level waste to Japan are similarly a small fraction of 
its intermediate-level waste. It is likely that, if necessary, Japan could persuade both 
countries to delay their remaining shipments until it can identify an alternative interim 
storage site. The UK expects to take about a century to clean up its Sellafield 
reprocessing site.106  
Thus, if Japan’s central government decided to abandon reprocessing, it would not be 
without recourse in its negotiations with Aomori Prefecture. Indeed, one must question 
whether the government of Aomori Prefecture has really blocked a long overdue change 
in Japan’s nuclear fuel cycle policy or whether the defenders of reprocessing are using its 
threats as an excuse to resist policy change. Such an excuse also may be convenient to 
politicians who do not want to deal with the complexity of the negotiations and the 
explanations to local communities that would be required if a radical change were made 
in Japan’s fuel-cycle policy.  
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Paying off the loans for construction of the Rokkasho 
Reprocessing Plant 
 
A problem that helped block serious consideration of changing Japan’s reprocessing 
policy during the Noda Administration was that, if Japan’s commitment to reprocessing 
were abandoned, the money in the Reprocessing Fund would be frozen and Japan 
Nuclear Fuel Ltd (JNFL) would not be able to pay back the bank loans used to help 
finance the construction of the RRP.107  
The construction costs to be covered by the fund soared to ¥2.19 trillion (~$22 billion) 
from the ¥0.760 trillion (~$8 billion) estimated at the time of the 1989 construction 
application. As of the end of FY 2004 (31 March 2005), JNFL had borrowed from banks 
¥1.1 trillion (~$11 billion) in long-term loans guaranteed by the nuclear utilities in 
addition to having received advance payments for reprocessing services from the utilities 
totaling about ¥1 trillion.108  

JNFL’s long-term loans have been gradually paid down and, as of the end of FY2012, the 
total amount outstanding was about ¥0.758 trillion (~$7.6 billion).109 The amount due 
within a year on the long-term loans taken out by JNFL was about ¥0.150 trillion (~$1.5 
billion) at the end of FY2011. 
If Japan abandoned its reprocessing program, the current legal requirements on the 
Reprocessing Fund would prevent it from repaying both the bank loans to JNFL and 
nuclear utility advance payments for reprocessing services that were converted into loans 
when the Fund was established. The advance payment balance at the end of FY2012 was 
about ¥0.581 trillion (~$5.8 billion).110 

Given the currently delicate financial condition of some of the nuclear utilities, nuclear 
industry officials warned the Noda Administration that a halt in payments from the 
Reprocessing Fund could drive some of the utilities into bankruptcy and create chaos in 
Japan’s financial markets. 111 

 This problem may have been exaggerated, however, because most of the bank loans to 
JNFL (84% in March 2006) were from the government-owned Development Bank of 
Japan, which would be unlikely to force JNFL or the nuclear utilities into bankruptcy 
against the wishes of the government. 112 

In any case, the government could solve the problem by changing the law and making it 
possible for the loans and prepayments to be repaid even if the Rokkasho Reprocessing 
Plant is shut down. Such a change would save the ratepayers trillions of Yens in the long 
run. It therefore should be a part of the comprehensive package of policy changes that 
would allow reprocessing in Japan to end. 
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A government takeover of spent fuel management? 
 
Currently, responsibility for managing spent fuel in Japan is shared by a number of 
organizations. The central government provides the general policy framework but the 
policy is executed by three organizations whose Presidents are all former TEPCO 
officials: 

• JNFL, an organization established in 1980 and owned mostly by the nuclear utilities, 
is responsible for spent fuel reprocessing;113  

• The Radioactive Waste Management Funding and Research Center (RWMC), a 
foundation established in 1976, has been designated under law to manage the funds 
for reprocessing and high-level waste disposal;114 and 

• The Nuclear Waste Management Organization (NUMO), a non-governmental 
organization established by law in 2000 and authorized by the Ministry of Economy, 
Trade and Industry (METI), is responsible for siting and building a geological 
repository for radioactive waste.115  

To be able to change Japan’s dysfunctional reprocessing policy, the central government 
will most likely have to establish one central organization responsible for interim storage 
and disposal of spent fuel and reprocessing waste. This was a critical part of the processes 
of abandoning reprocessing in both the UK and United States. 

United Kingdom. British Nuclear Fuel Services Limited (BNFL), a UK government-
owned company was established in 1971, after the UK’s production of plutonium for 
weapons ended, to manage the UK’s reprocessing facilities. By mid-1975, BNFL had 
decided to build the Thermal Oxide Reprocessing Plant (THORP) and, even before 
receiving permission from the government, had negotiated contracts with utilities in 
Japan, Germany, Switzerland, Sweden and Spain to reprocess their spent light-water-
reactor fuel.116  

Thirty years later, in 2005, in the absence of a renewal of any of the foreign reprocessing 
contracts and facing rising operating losses, the UK Government decided to establish a 
Nuclear Decommissioning Authority (NDA) to take over BNFL’s sites and the 
responsibilities for spent fuel from the UK’s first and second generation gas-cooled 
power reactors and for establishing a geological repository for the UK’s radioactive waste 
and spent fuel.  

In 2012, the NDA decided on economic grounds to phase out reprocessing in favor of 
interim storage and direct disposal of spent fuel.117 

United States.118 Until 1977, civilian reprocessing was expected to be a profitable 
business for private companies in the U.S. and three companies built or launched on the 
construction of reprocessing plants:  

• Nuclear Fuel Services operated a small reprocessing plant in New York State from 
1966-72 before it abandoned the project in the face of rising costs due to stricter 
worker radiation exposure protection requirements; 
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• General Electric began in 1967 to construct a plant in Illinois but discovered in 1972 
that the design was fundamentally flawed and abandoned the project except for 
converting the plant’s intake pool into an away-from-reactor spent-fuel storage pool; 
and  

• Allied General Fuel Services began in 1970 constructing a reprocessing plant in 
South Carolina. In 1977, however, after India’s 1974 test of a “peaceful nuclear 
explosive” made with plutonium separated ostensibly for India’s breeder program, 
President Carter suspended the licensing process out of concern that U.S. 
reprocessing would help legitimize the construction of reprocessing plants in 
additional countries.  

In 1981, President Reagan announced that his Administration was willing to resume the 
licensing of private reprocessing plants in the U.S. By that time, however, U.S. nuclear 
utilities had concluded that plutonium recycle was not economically justified and 
indicated that they would prefer that the federal government take responsibility for 
disposal of their spent fuel. Congress passed the Nuclear Waste Policy Act (NWPA) the 
following year giving the Department of Energy responsibility for spent fuel disposal in 
exchange for a fee of $0.001 per nuclear kilowatt hour – about one tenth the cost 
estimated by the JAEC for the extra cost of reprocessing in Japan. 119 
In the wake of the political failure of the proposed geological repository under Yucca 
Mountain, Nevada, Congress is now considering revising the NWPA to give the 
responsibility for siting and constructing a geological repository – and possibly central 
spent fuel storage facilities as well – to a new specialized government agency.120 
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Alternatives to MOX for disposal of Japan’s already separated 
plutonium 
 
If Japan abandons reprocessing, it still will have to dispose of its 44 tons of separated 
plutonium stored in France, the UK and Japan (Table 3). 

In France. Japan had approximately 18 tons of plutonium in France as of the end of 
2012. The understanding of Japan’s utilities with France’s AREVA is that this plutonium 
is to be made into MOX fuel in France and shipped to Japan as soon as it can be used. 
Even before the accident at the Fukushima Daiichi nuclear power plant, however, there 
was strong public resistance to the use of MOX in Japan’s reactors. Of the MOX fuel 
France has shipped to Japan since 1999, only fuel containing 2.5 tons of plutonium had 
been loaded as of the time of the accident. In the post-Fukushima environment, the 
resistance to MOX is likely to be at least as great.  

One obvious question is whether France could make Japan’s plutonium in France into 
MOX for its own reactors. The UK has offered to do this for Japanese plutonium in the 
UK (see below) even though the UK, unlike France, does not have an operating MOX 
plant and has only one light water reactor. France has not offered to use Japan’s 
plutonium, however.  
One reason could be that France has been falling behind in recycling its own separated 
plutonium. France’s first declaration of its stock of separated civilian plutonium as of the 
end of 1995 was 30 tons. As of the end of 2012, the stock had risen to 58 tons.121  

Also, the twenty-four 900-MWe reactors that are licensed to use MOX fuel are France’s 
oldest; all came into operation between 1977 and 1987.122 In the wake of the Fukushima 
accident, the Hollande Administration has committed that France will reduce the nuclear 
share of its electric power generation from 75 to 50 percent by 2025.123  

Assuming that France’s electric power consumption does not grow significantly and that 
the oldest reactors are retired first, this would require the retirement of most of the 900-
MWe reactors by 2025. The Hollande Administration already has decided to shut down 
France’s two oldest 900-MWe reactors, at the Fessenheim nuclear power plant in 2016, 
the year they reach age 40.124 France’s National Radioactive Waste Management Agency 
has raised the possibility that AREVA’s reprocessing program may have to end before 
2020.125  
If Japan cannot use the MOX from France in its reactors, it could treat the MOX fuel as a 
disposal form and store and dispose of it with Japan’s spent fuel.126 If this decision were 
made in advance of fuel fabrication, the very precise dimensional specifications to which 
the pellets must be ground for MOX fuel could be relaxed. This would reduce both 
France’s production costs and the fraction of MOX pellets that are rejected at France’s 
Melox MOX fuel fabrication facility because they do not meet specifications.127  
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Japan’s unirradiated plutonium (end of 2012) Tons 
In the United Kingdom  17.1 
In France  17.9 

Subtotal in Europe 35.0 
In Japan  
  At Rokkasho in solution or oxide form 3.6 
  At Tokai reprocessing facility in solution or oxide form 0.8 
  In fabrication and in fuel product at Tokai fuel fabrication facility and 

in unirradiated fabricated fuel stored at the Joyo, Monju and Fast 
Critical Assembly facilities 

4.0 

  In unirradiated MOX fuel from France  1.0 
Subtotal in Japan 9.3 

Total 44.2 

Table 3. Japan’s unirradiated plutonium as of the end 2012.128 Numbers do not add exactly 
because of rounding. Of the plutonium in France at the end of 2012, 0.9 tons was shipped to 
Japan in MOX during 2013 and 0.65 tons were relabeled as German in exchange for 0.65 tons of 
German plutonium in the UK being relabeled as Japanese.129 

In the United Kingdom. Seventeen tons of Japan’s separated plutonium were stored at 
the UK’s Sellafield reprocessing site as of the end of 2012. The UK had contracted to 
convert this plutonium into MOX fuel for use in Japan’s nuclear power plants. Following 
the failure of the Sellafield MOX Plant and the UK government’s abandonment of it in 
2011, however, the UK offered to take ownership and dispose of Japan’s plutonium 
“subject to commercial terms that are acceptable to UK Government.”130  

The preference of the UK’s Department of Energy and Climate Change (DECC) is to 
build another MOX plant and dispose of the UK’s own 100 tons of separated plutonium 
in light water reactor MOX fuel. DECC hopes that Japan’s nuclear utilities will help pay 
for the construction of a new MOX plant – just as they helped pay for the construction of 
the THORP reprocessing plant and the failed Sellafield MOX plant. This plan cannot be 
implemented, however, before it is clear that enough light water reactor capacity will be 
built in the UK to use the MOX fuel and that reactor owners are willing to do so.131  

There are alternatives to MOX, however. Indeed, the UK National Nuclear Laboratory is 
setting up a production line at the Sellafield reprocessing site to immobilize for direct 
disposal 50 to 250 kg of plutonium that is chemically contaminated and considered 
unsuitable for MOX without costly cleanup.132 Japan could pay to have its plutonium in 
the UK immobilized in this way. The immobilized plutonium then would have to be 
securely stored until disposal. 

The immobilization form (Figure 9) is a mix of low-leach zirconolite and pyrochlore 
ceramic forms, either monolithic or dispersed in glass, depending upon the percentage of 
plutonium in the waste. It is created by Hot (1,100-1,320 oC) Isostatic Pressing (HIP) at 
1,000 atmospheres for 8-9 hours.133 DECC considered immobilization for disposal of all 
of the UK’s separated plutonium but arrived at a preliminary conclusion that the 
technology is less “mature” than MOX.134 In fact, HIP technology is mature and in 
widespread use for the production of low-porosity metals and ceramics, including in 
Japan.135  
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One option for disposal could be with spent fuel in casks, which, with the end of 
reprocessing, would be disposed of directly in a geological repository. Another option 
could be disposal in 3 to 5 km deep boreholes, an option that is currently being explored 
in the U.S. for spent fuel (Figure 10).136  

 

 
Figure 9. Hot isostatic pressing (HIP) for immobilization of impure plutonium in the UK. The 
container at the left is filled with powdered material. For plutonium disposal, it would be a 
mixture of plutonium, calcium, zirconium and titanium oxides. On the right, after 8 to 9 hours of 
hot isostatic pressing, the powder has been turned into 5 liters of solid ceramic. Source: UK 
National Nuclear Laboratory.137  

 

 
Figure 10. Deep borehole concept for the disposal of radioactive waste in crystalline basement 
rock. Shown are the depths of the U.S. Waste Isolation Pilot Plant for plutonium waste and 
Finland’s Onkalo spent fuel repository, which is under construction. The dashed blue line 
indicates the approximate boundary between shallow fresh water resources and deeper dense 
saline water. Source: Sandia National Laboratory 138 

7 

 
 
Fig 4.  Ceramic (5 litre final volume) wasteform (left). Dumbell HIP can prior to consolidation 
(right). 

ACTIVE PLANT AT SELLAFIELD  
 
The next stage of development is to proceed to the installation of a glove box scale, active pilot 
facility and a business case has been made. The location of the pilot plant will be within NNL’s 
Central Laboratory at Sellafield. Detailed plant design should be completed by April 2014 and 
active commissioning of the plant is due to commence in April 2016.  
 
Waste package opening itself is a challenge and the chemical and physical variety of the 
contents dictates that the process can only be reasonably carried out in a hands-on facility and a 
mock up package opening glove box glove box has already been successfully trialed. In 
addition, the final decision on exact processing routes can only be made once the package 
contents are examined and analysed and interpretation of that analysis undertaken in light of 
the development programme. This will demand that the operation is carried out with a degree 
of skill and knowledge mandating the construction and operation of a flexible processing line 
manned by experienced technicians. 
 
NNL Central Laboratory phase 2 facilities are designed to handle significant quantities of 
plutonium at any one time, thus providing adequate capacity to demonstrate the technology by 
processing the population of actual residues. Witness products from the process would be 
available for analysis and characterization using analytical capability available in the NNL 
facility, thus validating previous data. The products would also be in a form suitable for 
prolonged storage and ultimate disposal. The proposed process line summarized in figure 5 
will start with can opening in a generic import facility. The process line is designed to be a 
system of interconnected glove boxes housing the size reduction, calcination, powder mixing 
and granulation facilities. Finally a facility to fill, evacuate, seal and weld HIP cans will be 
incorporated. From this facility the cans will be exported in an activity containment overpack 
(ACOP) to the HIP unit which will be housed outside glove box containment, the ACOP 
providing the containment needed in line with requirements for the handling of plutonium. 
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In Japan. If Japan decides not to operate the RRP, it would not make sense to complete 
the J-MOX plant at Rokkasho because Japan has relatively little unfabricated plutonium 
in country. One option for the plutonium in liquid and powder form could be to 
immobilize it for direct disposal using the same HIP method that is being used for residue 
disposal in the UK. The plutonium in Japan that is already in MOX form could be treated 
as a direct disposal form as discussed above.  

Japan and the UK are not the only countries facing challenges in disposing of their 
plutonium. In 2000, the U.S. and Russia agreed that each would dispose of 34 tons of 
weapon-grade plutonium. Russia insisted that most U.S. plutonium be disposed in MOX 
because irradiation in a reactor would change its isotopics from weapon-grade, making it 
unsuitable for existing weapon designs. AREVA designed and has been building for the 
U.S. Department of Energy a MOX plant with a smaller capacity than its own Melox 
MOX plant but the project cost has grown extraordinarily. In 1996, the total projected 
cost for fabricating 34 tons of excess weapons plutonium into MOX was estimated as 
$1.4 billion and the value of the fuel to be produced at $1.3 billion (all 2012$).139 By May 
2013, however, the estimated cost had risen to $18 billion.140 The value of the MOX fuel 
had not increased.  
In April 2013, the Obama Administration announced that the U.S. MOX project “may be 
unaffordable…due to cost growth and fiscal pressure” and that the administration would 
“assess the feasibility of alternative plutonium disposition strategies.”141 Japan may 
therefore find a willing partner in the United States in examining alternative approaches 
to plutonium disposal.142 
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